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(54) OPTICAL FIBER AND ITS PRODUCTION 

(57)Abstract: 

PURPOSE: To obtain such an optical fiber that ultrasonic waves or light can be easily inputted 
through the side face of the fiber, fibers can be densely packed, problems of twisting or 
bending are not caused, and the fiber can be accurately aligned and fixed to the substrate of 
an optical waveguide, by forming the optical fiber having the cross section of a regular polygon. 

CONSTITUTION: An optical fiber preform is formed to have the part corresponding to the core 
in the center of the optical fiber preform and the part corresponding to the clad in point 
symmetry around the core part. Therefore, the cross section of the clad part is a regular 
polygon, especially, a square, regular hexagon or octagon. Therefore, when the optical fiber 
preform is heated and drawn into an optical fiber, the preform is drawn in the axial direction 
while uniform force is applied in the circumference direction of the core so as to prevent 
production of double refraction in the optical fiber. When the optical fiber thus produced is 
used as a bundle fiber such in a matrix state or the like, it is preferable to make the cross 
section of the core a regular polygon rather than a circle. 
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* NOTICES * 



* 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The optical fiber characterized by a cross section being a regular polygon. 
[Claim 2] The manufacture approach of the optical fiber according to claim 1 characterized by a 
cross section heating and extending the optical fiber preform of the shape of a rod which is a 
regular polygon. 

[Claim 3] The manufacture approach of the optical fiber according to claim 2 characterized by 
manufacturing an optical fiber preform by dry powder pressing. 



[Translation done.] 
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* NOTICES * 




JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical fiber whose appearance cross 
section suitable for the object for optical communication and optical measurement is a regular 
polygon. 
[0002] 

[Description of the Prior Art] In fields, such as optical communication and optical measurement, 
the terminal of an optical fiber is used for flat-surface optical waveguide, connecting. However, 
the connection between an optical fiber and said optical waveguide was technically difficult, and 
had caused high cost-ization of optical communication or the equipment of optical 
measurement. That cause has it in it being difficult in this case to arrange an optical fiber to a 
position at accuracy, although connection between an optical fiber and optical waveguide is 
made on the substrate with which optical waveguide was formed. Furthermore, since the usual 
optical fiber has the circular cross section, this event originates in being easy to roll and it 
being easy to bend. Moreover, in flat-surface optical waveguide, since the cross section of a 
core is not a circle but a square, carrying out optical coupling to this efficiently is expected for 
an optical fiber and a core to be squares. 

[0003] Moreover, a signal is impressed from the exterior at light from the direct-current light 
source which spreads the inside of an optical fiber, and the external modulator modulated 
indirectly is developed recently. The external modulator is having cross-section structure as 
shown in drawing 6 . The piezoelectric device which an optical fiber becomes among drawing in 
a sign 1, and a quartz substrate and a sign 3 become from ZnO in a sign 2, and a sign 4 are the 
coat sections which served as Au electrode and the adhesives with which a sign 5 consists of 
silica gel. Also in this external modulator, it is difficult to arrange an optical fiber 1 on the quartz 
substrate 2 at accuracy, and to be easy to roll in the usual optical fiber with a circular cross 
section, and to arrange an optical fiber 1 to a deflection and cone sake at accuracy. Moreover, 
although this external modulator modulates the lightwave signal which spreads an optical fiber 
with the supersonic wave from a piezoelectric device ZnO, it does not pass over the substrate 
and optical fiber of a piezoelectric device to contact at the contact of a circle and shine, but 
that contact is few. Therefore, there are also few inputs of the supersonic wave from a 
piezoelectric device to an optical fiber. In order to improve this, the cross section of an optical 
fiber is wanted to touch a substrate at a flat surface. Moreover, the optical fiber grating is 
developed recently. Although this is irradiated and manufactures ultraviolet rays from the side 
face of an optical fiber, the exposure of ultraviolet rays is difficult for the conventional circular 
optical fiber. The cross section of an optical fiber is wanted to be a flat surface also for this 
reason. 

[0004] Furthermore, recently also requires the optical components which have arranged many 
optical fibers 1 in the shape of a matrix in resin 7, as shown in drawing 7 . Since it seems that 
such components were also mentioned above, it is difficult to arrange in the shape of a matrix 
in the conventional circular optical fiber. A sign 6 is the coat section which consists of resin 
among drawing. Moreover, when arranging an optical fiber in the shape of a matrix in this way, 
since an opening is generated between circles in the conventional circular optical fiber, pack 
density is small. An optical fiber which has cross sections, such as a square and a forward 
hexagon, also in this case is desired. Furthermore, the former of the cross section of the core 
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of an optical fiber also p^B^ices a square, then the advantage that^^e quantity of lights can 
be transmitted rather tH5^^ is circular. 

[0005] Here, if a cross section uses the optical fiber of a square shape instead of a cross 
section being the conventional circular optical fiber, that the above-mentioned fault is 
suppliable will invent easily. As a conventional cross-section un-circular optical fiber, as shown, 
for example in drawing 8 , what has a flat clad cross section is announced (reference 1, 2 
reference). Said optical fiber 1 1 is a plane-of-polarization maintenance optical fiber called the 
PANDA mold optical fiber which has the flat clad 14. Said optical fiber 1 1 forms the stress grant 
section 13, applies the stress which changes with directions to a core 12 at the time of drawing, 
and is manufactured, and the object is enlarging a birefringence and that the polarization shaft 
of an optical fiber is easily discriminable. In addition, in order to manufacture the optical fiber 1 1 
with this flat clad, a line is drawn in the base material with the flat clad equivalent section. If a 
line is drawn in the base material which has the flat clad equivalent section, even if it does not 
prepare the stress grant section, the amounts of drawings of the major axis and minor axis of 
an optical fiber will differ, and the rate of a birefringence will arise. 

Reference 1: The IECE technical research report OQE 88-22, p71 reference 2: The IECE 
technical research report OQE 85-13, p7[0006] 

[Problem(s) to be Solved by the Invention] The conventional circular optical fiber tended to roll, 
and the problem that it was also difficult for it to be difficult to arrange on the substrate with 
which optical waveguide was formed in accuracy, and to arrange an optical fiber in the shape of 
a matrix was in the deflection and cone sake. Furthermore, in the optical fiber which has a flat 
clad, there was a problem that a polarization dependency arose by the birefringence. Moreover, 
there were the problem and the problem of being hard to be filled up densely of an optical fiber 
of being hard to input a supersonic wave and light from a side face. The object of this invention 
is offering the optical fiber which can arrange correctly and easily on a substrate, and does not 
have a birefringence. There is effectiveness that a supersonic wave and a light wave can be 
inputted easily in this optical fiber, from the side face of an optical fiber, and an optical fiber 
with the advantage of these many is offered in this invention. 
[0007] 

[Means for Solving the Problem] This invention offers the optical fiber which solved the above- 
mentioned trouble, and its manufacture approach, and considers the optical fiber with which a 
cross section is characterized by being a regular polygon as the 1st invention. Moreover, the 
manufacture approach of the optical fiber the 1st invention characterized by a cross section 
heating and extending the optical fiber preform of the shape of a rod which is a regular polygon 
is considered as the 2nd invention, and it considers manufacturing an optical fiber preform by 
dry powder pressing as the 3rd invention in the 2nd invention. 

[0008] The core equivalent section is located focusing on an optical fiber preform, and, as for 
the optical fiber preform of this Invention, it is desirable for the clad equivalent section to be 
point symmetry in a hoop direction focusing on the core equivalent section. Therefore, it is 
desirable that the cross section of the clad equivalent section is carrying out a square, forward 
six square shapes, forward eight square shapes, etc. especially among regular polygons. This 
reason is for extending an optical fiber preform to shaft orientations so that the force may be 
uniformly applied to the circumferencial direction of a core, and being easy to make it not make 
an optical fiber produce a birefringence, when carrying out a heating drawing from an optical 
fiber preform to an optical fiber. Therefore, as shown in drawing 8 , as for adding an anisotropy 
to a clad, it is not desirable to insert the stress grant section 13 in right and left of a core 12, 
or to prepare interior clad of ellipse 15c in the clad 14 of an optical fiber 1 1 between interior 
clad of circular 15b and external clad 15a, as shown at drawing 9 etc. When inserting 
heterogeneous glass like the stress grant section in the clad section, or when preparing 
inserting also in the upper and lower sides besides right and left of a core, or an internal clad, 
things for which an anisotropy is given to neither of the cases at the clad section, such as 
considering as the circular clad instead of an ellipse, are required. 

[0009] Moreover, it is important to manufacture the optical fiber of the regular polygon of an 
analog from the optical fiber preform of a regular polygon in this invention, for example, to 
manufacture a square optical fiber from a square optical fiber preform. However, in 
manufacturing a rectangular optical fiber (it also becomes a square optical fiber depending on 
drawing conditions) from a rectangular optical fiber preform, the ratio of a rectangular long side 
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and a shorter side chanj|^with drawings. This generates distortiot^faich is different in the 
direction of a long side l^^the direction of a shorter side of a croi^^ction of an optical fiber, 
and means producing a birefringence. Of course, since it is also worried that deformation of a 
core may be produced, it is desirable to extend the optical fiber preform of a regular polygon 
and to manufacture the optical fiber of the regular polygon of an analog. In this invention, the 
core of an optical fiber may be circular or a regular polygon is sufficient as it. What is necessary 
is just to use the optical fiber preform which has the core of a round shape or a regular 
polygon, respectively, in order to manufacture these optical fibers. In order to use an optical 
fiber as bundle fibers, such as the shape of a matrix, the regular polygon of a circular twist is 
[ the cross section of a core ] also more desirable. This reason is that the pulse duty factor of 
a core becomes large and it can transmit the light of a large quantity. 

[0010] The optical fiber preform used for manufacture of the optical fiber of this invention can 
be manufactured by various kinds of approaches, concrete — an optical fiber preform with a 
circular cross section — a vacuum arc heating decarbonizing process and MCVD — law and 
OVD — a cross section can manufacture a circular optical fiber preform by the good and 
learned gaseous-phase method, and said cross section can manufacture the optical fiber 
preform which uses a circular optical fiber for manufacture of the optical fiber of this invention 
by cutting mechanically the side face of transparence and the clear glass base material vitrified 
and obtained. Furthermore as the good manufacture approach of profitability, there is an 
approach using dry powder pressing. This approach is compression moulding technique (a 
patent application No. 304418 in Heisei 4). It will refer to in Heisei 3 a patent application No. 
126723 and the open patent official report No. 256937 [ Showa 61 to ]. An extrusion method 
(refer to open patent official report common [ No. 124042 / four to ]), the slip cast fabricating 
method (a open patent official report common No. 56331 [ one to ]) the Heisei 4 patent 
application No. 189851 and MSP — it is the approach of fabricating silica system glass particles 
mechanically, considering as a porosity base material like law (referring to an announcement 
patent official report common No. 50256 [ four to ], and the open patent official report No. 
266325 [ Showa 61 to ]), carrying out transparence vitrification further, and manufacturing an 
optical fiber preform. When using these approaches, it is also a desirable approach that making 
the porosity rod-like structure of a direct regular polygon manufactures a cylinder-like porous 
body, it cuts the side face of this most preferably, and considers as a regular polygon. Of 
course, the side face of a clear glass base material can also be cut mechanically. The reason 
for being advantageous is that dry powder pressing can manufacture a direct regular polygon 
economically, or it can begin to delete a regular polygon from a cylinder-like porous body easily. 
Although this invention described that the cross section of an optical fiber is a regular polygon, 
and the cross section of a core is moreover also the structure where the structure of a regular 
polygon is desirable, the manufacturing method of the optical fiber preform using the fine- 
particles fabricating method is suitable for especially this. That is, in order for a cross section 
to manufacture the core of a regular polygon, the side face is cut, a cross section makes the 
core of the shape of a cylinder usually manufactured the shape of a rod of a regular polygon, 
and it is processed, and if it is ******, there is nothing. Next, in order for a cross section to 
give this the clad section of a regular polygon, it is because the approach of forming the glass 
for clads in the periphery of the glass rod for cores from silica powder using the fine-particles 
fabricating method is the possible almost only approach technically. 

[001 1] The drawing approach of the optical fiber preform at the time of manufacturing the 
optical fiber of this invention can be performed using the usual drawing equipment of an optical 
fiber. As drawing conditions, it is better than a conventional method to draw a line at low 
temperature. This drawing temperature can be easily determined by preliminary experiment. 
Although concrete wire-drawing temperature is carried out at temperature lower than the wire- 
drawing temperature of an optical fiber with the usual circular cross section, it is necessary to 
make the minimum into about 1830 degrees C. If a line is drawn at temperature lower than this, 
problems, like that a wire-drawing rate becomes slow and becomes disadvantageous 
economically, that an optical fiber forms high loss, and a mechanical strength deteriorates will 
arise. Moreover, a possibility that wire-drawing stress may remain is in an optical fiber. 
Moreover, it is not desirable to make wire-drawing temperature high recklessly, either. It is 
because the side face of a fiber will collapse from a flat surface, and will be roundish and the 
radius of circle of an angle will also increase, if wire-drawing temperature is made high. 
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Therefore, it is necessa^fcp choose the wire-drawing temperatura^^OOO degrees C or less. 
[0012] Moreover, the c^J^Prical optical fiber preform of a regular F^Bfon has a sharp angle, and 
it may damage it during manufacture. Then, the regular-polygon base material which made the 
angle round or was beveled as a still more desirable optical fiber preform is mentioned. It is 
desirable to bevel to point symmetry focusing on the core equivalent section as much as 
possible also in this case. By using an optical fiber preform which was mentioned above, the 
optical fiber which there is no breakage and a birefringence does not have, either can be 
manufactured. Moreover, especially the thing for which the cross section of a core bevels the 
base material for cores in manufacture of the optical fiber of a regular polygon is important. 
That is, although that side face must be cut and a cross section must usually process the core 
of the shape of a cylinder manufactured by the gaseous-phase method in the shape of [ of a 
regular polygon ] a rod, this cylindrical core is because breakage decreases sharply, when it 
uses beveling an angle. In addition, although the beveled optical fiber of a cross section and an 
analog can be manufactured, the optical fiber which has a cross section in the condition of 
having beveled by changing drawing conditions also from the optical fiber preform which has not 
beveled can be obtained from the beveled optical fiber preform. For example, the optical fiber 
which has a cross section in the condition of having beveled the optical fiber preform when a 
line was drawn at high temperature is obtained. This approach is effective when not requiring 
that the side face of an optical fiber should be a perfect flat surface. Since reinforcement 
increases, the optical fiber which has a cross section in such a condition of having beveled is 
desirable. 

[0013] Since a cross section is a regular polygon, the optical fiber of this invention can input 
easily the supersonic wave and light from an optical fiber side face, can fill up high density with 
them without an opening, rolls, does not have fear of ********, and can be arranged and fixed 
to up to a substrate at accuracy, moreover, a cross section — the cylindrical optical fiber 
preform of a regular polygon — a heating drawing — carrying out — a cross section — if the 
regular-polygon optical fiber of an analog is formed, this optical fiber will not have a 
birefringence and its a possibility that a polarization dependency may arise will disappear. 
[0014] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail based on the 
gestalt of implementation of invention. The fabrication process of the optical fiber of the gestalt 
of this operation is as follows. Namely, 1 core equivalent ****:clad equivalent **** = the core 
equivalent section with an outer diameter [ of 6.98mm ] and a die length of 250mm and the 
base material 24 for cores which consists of the clad equivalent section in part were 
manufactured by the vacuum arc heating decarbonizing process by 1:4.88. The silica glass with 
which, as for this base material 24 for cores, the core doped the germanium dioxide, and a clad 
consist of pure silica glass. As shown in drawing 1 , after carrying out fusion splicing of the 
quartz-glass rod to the ends of said base material 24 for cores as a bearing bar 25, the base 
material 24 for cores is installed in them at the core of the tubed shaping rubber die 23. In 
addition, signs 21 are [ a top cover and the sign 26 of an inside lid and a sign 22 ] lower lids. 
Furthermore, the whole is a tube-like object made of polyurethane rubber, and the shaping 
rubber die 23 is 300mm in the outer diameter of 60mm, the bore of 50mm, and die length. 

2) Next, the opening of the shaping rubber die 23 and the base material 24 for cores was filled 
up with the granulation powder which corned silica system glass powder. This granulation 
powder was manufactured as follows. First, silica powder of 8 micrometers of mean diameters 
manufactured with the vapor phase synthetic method was used as the raw material, and it 
mixed and stirred to silica powder 100 at a weight rate of pure water 66, poly vinyl alcohol 1.6, 
and a glycerol 1.0, and considered as the slurry, and granulation powder was manufactured to 
this using spray dryer equipment. The mean particle diameter of said granulation powder was 
about 100 micrometers. 

3) After filling up the shaping rubber die 23 with granulation powder, the shaping rubber die 23 
was supplied to the hydrostatic-pressure pressurizer, the shaping rubber die 23 was 
pressurized by 98MPa, and granulation powder was fabricated. The porosity Plastic solid after 
application of pressure and in the shaping rubber die 23 was taken out. The outer diameter of a 
Plastic solid was 38mm. 

4) The four way type was mechanically cut so that the core equivalent section might take the 
lead in said Plastic solid, and as shown in drawing 2 , one side formed the cylindrical porous 
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body 27 of the square <j^^ section which is 25.5mm. 

5) In the dry air ambier^Pmosphere, temperature up of said poroSBrody 27 was carried out to 
500 degrees C f and it was heat-treated for 3 hours. Then, heat treatment for purification was 
performed at 1000 degrees C under the ambient atmosphere containing chlorine 10 capacity %. 
Subsequently, it heated at 1690 degrees C under the helium ambient atmosphere, and the whole 
was made into the transparence vitreous humour. Thus, one side had the square cross section 
which is 21.4mm, and obtained the optical fiber preform which has the core equivalent section 
at the core. 

6) Said optical fiber preform was supplied to optical fiber drawing equipment equipped with the 
carbon resistance heating furnace with constant speed, a line was drawn considering the cash- 
drawer rate of an optical fiber as 20 m/min at 1930 degrees C, and the optical fiber 31 in which 
a core diameter has the cross-section structure which is 7.8 micrometers with the square 
whose one side is 124.4 micrometers was manufactured. Drawing 3 is the sectional view of the 
optical fiber 31 manufactured by doing in this way. In drawing 3 , a sign 32 is a core and a sign 
33 is a clad. 

In addition, as it is not limited to the above-mentioned example but is shown in drawing 4 and 5, 
the regular polygon which has the angle of even number, such as forward six square shapes or 
forward eight square shapes, is sufficient as the cross-section configuration of the optical fiber 
of this invention. 

[0015] On the other hand, the optical fiber of the rectangular section was manufactured as an 
example of a comparison. A long side and a shorter side draw a line at the drawing temperature 
of 1950 degrees C or 1900 degrees C, and the cash-drawer rate of 20 m/min in a silica glass 
base material (30mm and 15mm) (long side: shorter side =2:1), respectively, and a shorter side 
uses this example of a comparison as the optical fiber which is 125 micrometers. Although the 
shorter side of the obtained optical fiber was 125 micrometers, the ratio of a long side:shorter 
side was 1.90:1 or 1.94:1, respectively. Thus, the optical fiber obtained from the base material 
which is not a regular polygon produced the anisotropy to the core including distortion. 
[0016] 

[Effect of the Invention] Since the cross section of an optical fiber is a regular polygon 
according to this invention as explained above, The supersonic wave and light from an optical 
fiber side face can be inputted easily, and high density can be filled up without an opening, 
rolling — fear of ******** — there is nothing — the substrate top of optical waveguide — 
accuracy — arrangement — being fixable — moreover, said optical fiber — a cross section, if 
the optical fiber preform of the shape of a rod of the regular polygon of an analog is heated and 
extended and is manufactured The optical fiber obtained does not have a birefringence and has 
the outstanding effectiveness of not producing a polarization dependency. 



[Translation done.] 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view of a shaping rubber die used for manufacture of the gestalt 
of 1 operation of the optical fiber concerning this invention. 

[Drawin g 2] It is the sectional view of the porous body formed in the production process of the 
gestalt of the above-mentioned implementation. 

[Drawing 3] It is the sectional view of the optical fiber of the gestalt of the above-mentioned 
implementation. 

[Drawing 4] It is the sectional view of the optical fiber of the gestalt of other operations. 
[Drawing 5] being the further — others — it is the sectional view of the optical fiber of the 
gestalt of operation. 

[Drawing 6] It is the sectional view of an external modulator. 
[Drawing 7] It is the sectional view of optical components. 
[ Drawin g 8] It is the sectional view of the conventional optical fiber. 
[Drawing 9] It is the sectional view of other conventional optical fibers. 
[Description of Notations] 

21 Inside Lid 

22 Top Cover 

23 Shaping Rubber Die 

24 Base Material 

25 Bearing Bar 

26 Lower Lid 

27 Porous Body 

31 Optical Fiber 

32 Core 

33 Clad 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



05/01/08 



1/3 <<— v 



* NOTICES * 



JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 



LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1 ] 

21 




[ Drawin g 4] 
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[Drawing 6] 

5 




[Dra wing 9] 
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